Objective: To develop gender-specific predictive equations to measure the amount of deep-abdominal-adipose-tissue (DAAT) accumulation from simple anthropometric measurements. Design: Cross-sectional study. Subjects: A total of 120 healthy men and women (40-79 years). Measurements: Body weights, circumferences, skinfolds, computed-Tomography (CT)-derived sagittal-diameters and the DAAT areas. Results: High significant correlations are seen between the indices of waist-circumferences, sagittal diameters and body weights to DAAT areas in both the sexes. Stepwise multiple regression analysis with all anthropometric measures gave 84% (SEE 38.7 cm 2 ) of the variance in men and 72% (SEE 29 cm 2 ) in women. Body weights, waist-circumferences and sagittal-diameters had more predictive power in men, and in women, the arm-circumferences replaced the sagittal diameters. Five models with categorical measures of circumferences, skinfolds, and sagittal diameters explained 74.8-82% of the variance in men and 62-70% in women. The simplest equation with least measurement indices, that is, body-weight, waist-circumference and body mass index explained 74% (SEE 27.7 cm 2 ) of the variance in men: DAAT (cm 2 ) ¼ À382.9 þ (1.09 Â weightÀ(kg)) þ (6.04 Â waistÀ(cm)) þ (À2.29 Â BMI). For women, body-weight and waist-circumference explained 63% (SEE 31.79 cm 2 ) of the variance: DAAT (cm 2 ) ¼ À278 þ (À0.86 Â weightÀ(kg)) þ (5.19 Â waistÀ(cm)). Conclusion: Body weight emerged as the outstanding index to measure the DAAT areas. Following anthropometric measures are the waist circumferences, sagittal diameters and BMI. Although the ability to estimate the amount of DAAT from anthropometry is limited, practical predictive models have been developed.
Introduction
Sequential research in identifying cardiovascular disease (CVD) risk factors from overweight to obesity, and later to BMI and then to the anatomical distribution of body fat concluded on the accumulation of central body fat as the major determinant. Initial studies showed significant associations between central and peripheral body fat patterns to CVD deaths (Lapidus et al., 1984; Larsson et al., 1984; Ducimetiere et al., 1986) . However, regional body fat distribution emerged as the major determinant (Kissebah et al., 1982; Krotkiewski et al., 1983) . Abdominal adiposity was found to be highly associated with hyperlipidemia, hypertension, type 2 diabetes mellitus and with the new emerging metabolic syndrome (Despres et al., 1985; Baumgartner et al., 1987; Fujioka et al., 1987; Despres et al., 1989; Peiris et al., 1989; Pouliot et al., 1992; Despres and Lamarche, 1993; Poirier and Despres, 2003) . With more precise measurements of regional fat distribution from Computed Tomography (CT) scans, the deep-abdominal-adipose-tissue (DAAT) areas were identified to be the major CVD risk indicators (Leenen et al., 1992; Hunter et al., 1994; Pouliot et al., 1994; Lemieux et al., 1996; Williams et al., 1997) . After the long history of identifying the precise risk factors, the challenge is to quantify these adipose tissue (AT) areas in general population. Although the potential of CT scanners for body composition analysis is great, practical constraints like exposure to ionizing radiation, technical difficulties and cost limit its general use. In view of this, predictive equations were formulated from simple anthropometric measurements to estimate the deep abdominal fat depots. While the early predictive equations are from Despres et al. (1991) , the best equations explaining 70-80% of the variance in visceral AT areas are from Koester et al. (1992) . Later, Lemieux et al. (1996) determined the cutoff measures for waist and waist-to-hip ratios (WHR). However, there are limitations to the universal applicability of these presently available equations, since there is well-documented evidence of the existing differences in the DAAT areas between populations (Schwartz et al., 1990; Conway et al., 1995; Lovejoy et al., 1996) and Indians reported to have greater accumulation than that of Caucasians (Chowdhury et al., 1996) . In addition, the equations that use skinfold measures are specific of age, sex and population (Katch and McArdle, 1983; Lukaski, 1987) . Therefore, this study was designed to formulate predictive equations from simple anthropometric measurements to measure the DAAT areas in Indians.
Methods

Subjects
The study was conducted in Tirupati, which is a major pilgrimage town and a renowned educational centre. It has a mixed population that represents both southern and northern India. The total population was 150 000 and they were distributed in 10 municipal wards. A householder list was obtained from municipal office and four wards with larger population were finalized. A basic screening was carried out to determine the household composition and sex, age and characteristics of the household members. Persons aged 40-80 years with no preexisting chronic illness history were considered. Consent approved home examination was conducted and a fasting blood sample was collected for biochemical investigations (serum lipid profile and random blood glucose). Those with adequate nutritional health status and with no medical health risk were listed. A total of 800 'Sample-Person's (SPs) were selected using random number tables for the major study. Using systemic random sampling method, two hundred SPs were selected from the total sample of 800 for the computed tomography (CT) study. Following the selection, the SPs were explained about the technical procedures of the CT. In all, 120 SPs volunteered for the CT study and the medical staff took their written consent and the study was approved by the hospital ethics committee. The SPs for the CT study were distributed according to age groups, 40-49 years: 22 men and 20 women; 50-59 years: 15 men and 17 women; 60-69 years: 12 men and 11 women and in 70-79 years age group: 12 men and 11 women.
Measurements
Anthropometry. All anthropometric measures are taken according to the standardized procedures (Frisancho, 1990; Gibson, 1990) and by a single trained operator. Body weight: weights were taken in fasting state, in the morning after void, and on a standard hospital weighing scale (Toledo selfzeroing weight scale, Seritex, Carlstadt, NJ). The SPs wearing hospital gowns were asked to stand with bare feet in the center of the scale, unassisted and looking straight with hands relaxed. The weights were recorded in kilograms and the weight of the gown was subtracted from the recorded weight individually.
Height. Measurements were taken with bare feet on a stadiometer. SPs were asked to stand with flat feet on the board, looking straight ahead with knees and legs straight and with arms relaxed. Shoulder blades, buttocks and heels touched the measurement surface area.
Circumference measures
For waist circumference measure the SP, was asked to stand erect with abdomen relaxed, arms at the sides and feet together and with weight equally distributed on both the legs. He/she was instructed to breathe normally and to breathe out gently at the time of the measurement to prevent them from contracting their muscles or from holding their breaths. The lowest rib margin was first located and marked, and then the right iliac crest was palpated and marked with horizontal line at the high point, and then the line was crossed to indicate the midaxillary line of the body. A measuring tape was placed around the trunk, in a horizontal plane from the marked area. The tape was made sure that it was parallel to the floor and snug to the waist without compressing the skin. The measurement was made nearest to 0.1 cm. The hip circumference measurement was performed at the point yielding the maximum circumference over the buttocks, and the tape was placed in horizontal plane touching the skin but not indenting the soft tissue. Thigh circumference measures were performed passing the tape horizontally around the thigh, immediately distal to the gluteal furrow while the subject stood with heels apart (10 cm) and with weight evenly distributed between both legs. The measurements were made on both sides and the average was used. Arm circumference measures were performed while the subject stood erect, head in the frankfurt plane, arms relaxed at side ways, measurements were taken at the midpoint of the upper left arm between the acromion process and the tip of the olecranon. After locating the midpoint, the left arm is extended so that it is hanging loosely by the side, with the palm facing inwards. The tape is positioned perpendicular to the long axis of the upper arm and the measurement was taken. Next, in the similar manner, measurements are taken for the right arm, and the average of two arms was used.
Skinfold measures
Measurements were taken in triplicates using Harpenden skinfold caliper (John Bull; British Indicators; UK) at the five specified sites, that is, biceps, triceps, subscapular, suprailiac and abdomen. These measures are taken on the left side of the body early in the morning to standardize the conditions of fluid balance (Gibson, 1990) . Triceps skinfold was measured in the midline of the posterior aspect of the arm, over the triceps muscle, at a point midway between the lateral projection of the acromion process of the scapular and the inferior margin of the olecranon process of the ulna. The level of measurement is determined by measuring the distance between these two points, using a tape measure with the elbow flexed to 901. Biceps skinfold was measured over the belly of the biceps muscle. The skinfold is raised 1 cm superior to the line marked for the measurement of the triceps, on a vertical line joining the anterior border of the acromion and the center of the antecubital fossa. Subscapular skinfold is picked up on a diagonal, inclined inferolaterally at 451 to the horizontal plane in the natural cleavage lines of the skin. The site is just inferior to the inferior angle of the scapula. The subject stood erect, with the arms relaxed at the side of the body. Suprailiac skinfold was also measured with the subject standing erect, and feet together. The arms are slightly abducted to improve access to the site. The anterior superior iliac spine is located, and a point of 1-inch inferomedial to it is selected as the site of measurement. An oblique fold of skin (parallel to the cleavage lines of skin) is lifted and the measurement was made. The average value of the triplicate measurements was calculated. Abdominal skinfold was taken mid way between umbilicus and midaxillary line, in duplicates and the average of these two was considered.
Measurement of DAAT area by CT
CT scans were performed in the radiology department of the Sri Ventakeswara Institute of Medical Sciences (SVIMS), Tirupati. A Picker IQ premier 4th generation CT scanner (Picker International Inc., Cleveland, Ohio) was utilized. Briefly after anthropometric measurements, SPs were examined in the supine position with both arms stretched above their heads. Three separate CT scans were taken for each participant at L 4-5 (crista iliaca) level, using a radiograph of the skeleton as a reference to establish the position of the scan to the nearest millimeter (Sjostrom, 1988; Rossner et al., 1990) . Of the three scans, the image, which had even circumferential area with no folded skin (as the SPs are above 40 years of age) was considered for analysis. The level L 4-5 separates males and females optimally; with this border, males have on average 53% of the fat in the upper part of the body and females 46% (Sjostrom, 1988) . Scans were generated with a 125 MA, 525 MAS and 130 kV beam for duration of 2 s. A scan diameter of 48 cm was used; thickness was constant at 10 mm. CT attenuation scores ranged from À4000 (air) to þ 4000 (dense bone), with zero representing the attenuation of water. Daily calibration assured a variation of 72 CT units per day. Fat was calculated automatically using attenuation range À50 and À250 HU units and lean tissue between À49 and þ 100 HU units. In literature, fat intervals range from À190 to À30 HU and À150 to À50 HU; these varying upper and lower limits do not have major effect on the assessment of the fat areas (Lemieux et al., 1996) . It was further shown that varying the upper limit (À30 HU) with710 HU or varying the lower limit (À190 HU) with710 HU resulted in a change in area determinations of 5-6% and o1%, respectively. The area of the intra-abdominal adipose tissue was discerned from the area of subcutaneous fat by tracing a line with the pen cursor through the m. rectus abdominis, m.obliqus internus and m.quadratus lumborum. The visceral adipose tissue area of the scan was obtained by circumscribing the visceral area and by checking the attenuation scores within the circled areas. Various fat areas, lean tissues and bone are delineated depending upon the Hounsfield Units (HU) and the total deep abdominal adipose tissue was calculated. Similarly, the subcutaneous fat area was delineated and was calculated as the total abdominal adipose tissue area minus the deep abdominal adipose tissue area. Sagittal diameter was directly obtained from the image of the abdomen according to the guidelines of Sjostrom (1988) and as illustrated in van der Kooy et al's (1993) paper.
Statistical analysis
Two sample t-test were performed to compare the total samples of men and women and Pearson's correlation coefficients were calculated to quantify the univariate association among variables. Stepwise multiple regression analysis was performed within each sex and the model included DAAT area as the dependent variable and all other anthropometric measures as independent variables. All possible regressions models were explored to select the best predictive model for DAAT area estimation. Goodnessof-fit (R 2 ) was calculated by considering the sum of squares explained by the regression as a percentage of the total sum of squares (Altman, 1996) . All statistical analyses were performed on the SAS statistical package (SAS Institute, Cary, NC).
Results
Physical characteristics
Men and women aged 40-79 years had a wide range for body fatness values, the BMI ranged from 14.9 to 37.8 kg/m 2 in men and 16.9 to 31 kg/m 2 in women (Table 1) .
Men were found to be heavier and taller, and women had more thigh circumferential areas and triceps skinfold thickness (Po0.1 to Po0.001). On the whole, it was the circumferential measures, sagittal diameters, total body weights and BMI that showed the high significant correlations to DAAT areas compared to the subcutaneous fat indices (skinfolds), which correlated with a low 'r' value.
Stepwise multiple regression analysis When all 14 anthropometric measures are considered, the highest DAAT prediction was for men (R 2 84%) compared to women (R 2 72%). All possible combinations of independent variables like for example WHR, sum of skinfolds, sum of trunk skinfold and trunk extremity ratio were used for analysis (results not shown), but high precision were found to be from the independent measures rather than from the relative measures. Considering the contribution of the variables for the strength of the model, age and height made no significant contribution, whereas, the body weight substantially improved the R 2 . The body fat indices that appreciably increased the R 2 were waist circumferences and sagittal diameters in men, and waist and arm circumferences in women. In general, the circumferential measures consistently improved the R 2 in men;
in women, the skinfold measures increased the model strength. On a closer appraisal, the upper peripheral fat measures of arm circumferences, triceps and biceps skinfolds significantly contributed to the model development in women. In men, the lower peripheral fat measure of thigh circumference considerably contributed to the model strength. In the central subcutaneous fat measures, all three truncal skinfolds, subscapular, suprailiac and abdomen contributed to the model in men, and only the skinfolds of suprailiac and abdomen improved the R 2 in women (Table 3) . 
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Predictive models
Five different predictive models have been developed with different categorical measures of circumferences, skinfold measures and sagittal diameters along with basic measures of weight and BMI (Tables 4 and 5) . Model 1 was a combination with circumferences, skinfolds and sagittal diameters; the R 2 was 82% for men and 70% for women. Model 2 was a combination with circumferences and sagittal diameters; the R 2 was 79% for men and 68% for women. Model 3 was a combination with skinfolds and sagittal diameters; the R 2 was 76% for men and 62% for women. Model 4 was a combination with circumferences and skinfolds, the R 2 was 77% for men and 70% for women. Model 5 was with circumference measures alone, the R 2 was 74% for men and 65% for women.
Simplified models for population-based studies were developed with combination of body weight, waist circumference and BMI ( 
Discussion
Central body fat patterns are of major concern in the Asian community. Asians have more centralized fat with relatively lower BMIs than in Europids (McKeigue et al., 1991) . In an Indian study, almost 20% of adults who were not overweight or obese still had central obesity, putting them at a greater Estimation of deep-abdominal-adipose-tissue (DAAT) accumulation V Brundavani et al risk of developing the associated diseases (Gopalan, 1998) . Consequently in Asians, morbidity and mortality occurs in people with lower BMI's, smaller waist circumferences and with greatly accumulated intra-abdominal fat without the indication of generalized obesity. These population-specific trends for intra-abdominal fat depots were also described for other populations (Schwartz et al., 1990; Conway et al., 1995; Lovejoy et al., 1996) . In addition, Asian Indians are reported to be distinctive, since, in a comparative study between Indians and Swedes, it was found, on average, that the abdominal and thoracic organs are smaller in Indians than in Swedes (Chowdhury et al., 1996) . These differences were significantly different for retroperitoneal plus intraperitoneal organs. Even with similar abdominal diameters, Indians are shown to have more of intra-abdominal fat than Swedes. Given that the trends of central fat deposition are population-specific (McKeigue et al., 1991) , no single global quantification method can be adopted to quantify these adipose tissue depots. Although different individual indices are available to explain the abdominal fat, such as waist circumference and WHRs, these measures represent total abdominal areas, but not the DAAT areas in particular. Other methods that can accurately quantify these depots, like the CT scans and magnetic resonance imaging are impossible in large population-based studies. To resolve this difficulty, populationspecific predictive equations to measure the DAAT areas are being developed worldwide and this study is the first endeavor in an Indian population.
The baseline physical characters of men and women differed for heights, body weights, BMI's, thigh circumferences and triceps skinfolds. Considering the abdominal adipose tissue areas men, carried greater proportion of DAAT and women had larger abdominal subcutaneous fat stores. Similar trends between sexes have been reported in literature (Pollock et al., 1975; Sjostrom, 1988; Snehalatha et al., 1997; Gopalan, 1998) . In general, women are reported to carry a higher proportion of their fat externally than men, even with similar amounts of total body fat (Edwards, 1950; Garn, 1957; Pollock et al., 1975) .
Univariate associations of anthropometric variables to DAAT areas showed that waist circumference measure, sagittal diameter and body weight showed high significant correlations. Similar strength associations were reported by Despres et al. (1991) for the above variables. In both these studies, present and Despres et al's the association for body weight to DAAT areas was r ¼ o0.71 (Po0.001), compared to correlative strengths of waist circumference and sagittal diameter to DAAT areas that ranged, r ¼ 0.79 to 0.85 (Po0.001).
Regression analysis was considered important to describe the relation between the simple anthropometric measurements to DAAT area so as to develop predictive equations that can measure the DAAT area in any individual with the anthropometric measures that showed the strongest linear relation in the analysis. Stepwise multiple regression was carried out to understand the linear relation between each anthropometric measure and the DAAT area independently, and the anthropometric measures that showed the strongest association were further considered in the simplest predictive models with calculated goodness-of-fit.
Robust models have been developed for men and women with R 2 ranging from 70 to 84%. Similar strength models were reported by Despres et al. (1991) with variance ranging from 74 to 76.6% and from Koester et al. (1992) with variance ranging from 67 to 73%, and both these studies were conducted in males aged less than 40 years. Association of anthropometric indices to DAAT areas was found to be gender specific in step-up regression analysis. Waist and arm measures (central and upper peripheral circumference measures) increased the predictive power in women, and waist and thigh measures (central and lower peripheral circumference measures) for men. Skinfold measures relatively contributed to the model strength, and the associations were more observable for women. Sagittal diameters had significant contribution and this was more evident for men. The importance of BMI and body weight has been outstanding; this reinforces the value in addition to the simple, easy, cost effective variables in the measurement of the deep abdominal adipose tissue areas.
The noncontribution of age to the prediction of AT in this study conflicted with the evidence that intra-abdominal fat generously accumulates with increasing age (Borkan et al., 1983b; Ashwell et al., 1985; Enzi et al., 1986; Seidell et al., 1987; Seidell et al., 1988; Weits et al., 1988; Schwartz et al., 1990; Kotani et al., 1994) . Despres et al. (1991) found age to be an important variable for DAAT accumulation prediction; their study was done in the age groups of 18-40 years. As, the present study was done in the middle to older age groups (40-80 years), wherein the biological effect of peripheral fat mobilization to centralization and to internalization occurred, the effect of age might not be evident.
Among all anthropometric variables, only the absolute body fat indices of circumferences, skinfolds and sagittal diameters added to the predictive power, rather than the relative body fat indices of WHR, sum of skinfolds, sum of trunk skinfolds and trunk extremity ratio (results not shown). Similar associations were substantially confirmed in earlier studies, where absolute measures of waist circumference and sagittal diameters were found to be stronger predictors of intra-abdominal fat than the WHR (Borkan et al., 1983a; Ashwell et al., 1985; Haffner et al., 1987; Seidell et al., 1988; Despres et al., 1991; Pouliot et al., 1994) .
Models with simple anthropometric measures in the absence of sagittal diameters had a reasonably good R 2 in predicting the DAAT areas. The practical model for DAAT estimation in Indian population is; for men, DAAT (cm 2 ) ¼ À382.9 þ (1.09 Â weight (kg)) þ (6.04 Â waist (cm)) þ (À2.29 Â BMI) (R 2 74%; SEE 27.66 cm 2 ). This model for men with three important measures of body weight, waist circumference and BMI equaled the predictive power of model 5 ( ). This simple model for women with body weight and waist circumference measure equaled the predictive strength of model 3, which had all skinfold measures along with weight, BMI and CT-measured sagittal diameter. Therefore, this paper shows that population studies can be performed with simple measures, although the SEE of the measurement is about 10-20% of the actual AT value.
